-diferrocenylacrylamides 9a,b,e,f and (E)-N-alkyl-N-(2-piperidinoethyl)-2,3-diferrocenylacrylamides 10a,c from reactions of 2,3-diferrocenylcyclopropenone 1 with bis-1,4-N,O-nucleophiles in the presence of triethyloxonium tetrafluoroborate, alkyl iodides, morpholine, piperidine and Et 3 N is described. The characterization of the new compounds was done by IR, 1 H-and 13 C-NMR spectroscopy, mass-spectrometry, elemental analysis and X-ray diffraction studies.
Introduction
Nowadays, derivatives of ferrocene are considered to be modular building blocks in organic synthesis and are usually used to introduce a redox-responsive moiety into molecules. Such compounds find many applications in nonlinear optics, molecular electronic devices, redox polymers, ceramics [1] , asymmetric catalysis [2] [3] [4] [5] , biochemistry [6, 9] , medicinal [10] [11] [12] [13] [14] and bioorganometallic chemistry [15] [16] [17] [18] [19] [20] [21] [22] , etc. Development of new methods for the synthesis of ferrocenylheterocycles with a conjugated system of double bonds and several heteroatoms in the cycle is of interest for producing novel iron-containing compounds, which are an important category of materials [23] [24] [25] [26] .
The use of the 2,3-diferrocenylcyclopropenylium salts and bis-1,3-or bis-1,4-N,O-heteronucleophiles as adducts for such synthesis makes it possible to obtain heterocyclic compounds whose structures contain both ferrocene fragments and conjugated multiple bonds with several heteroatoms in the cycles [27, 28] . This served as the basis for the preparation of diferrocenyl-1,2,3-triazines [29] , -1,2,4-triazines [30] , -pyridazines [31] , -pyridines [32] , -pyrimidines [33, 34] , and -oxazines [35] , as well as imidazolines [36] .
The interest in oxazoline compounds bearing ferrocenyl substituents in the molecules can be traced back to the discovery of ferrocene [37] . This is determined by a peculiar chemical behavior of such compounds due to mutual influence of the metallocene and heterocyclic moieties. Little information concerning the synthesis and chemistry of ferrocenyl-4,5-dihydrooxazoles is available. To date, only the preparation of 2-ferrocenyloxazolines has been described [38] together with some of their chemical properties. However, ferrocenyl-substituted oxazolines are still scarcely studied. Investigations of the chemical transformations of such compounds are certainly of interest for theoretical, practical and synthetic organic chemistry, as well as for the search of compounds with favorable practical properties, such as thermal stability, electrical conductivity (even superconductivity), biological activity, nonlinear optical effects, etc. [39] . In this paper we studied the synthesis of ferrocenyl-4,5-dihydrooxazoles and their salts using the condensation of 2,3-diferrocenylcyclopropenone (multicomponent) and of 2,3-diferrocenylcyclopropenylium tetrafluorobarate with the derivatives of 1,2-aminoalcohols. Reactions of this type in the chemistry of cyclopropenylium cations have not yet been studied.
Results and discussion
The initial 2,3-diferrocenylcyclopropenone 1 was prepared from ferrocene and tetrachlorocyclopropene as is described in [40, 41] .
We found that 2,3-diferrocenylcyclopropenone 1 interacted with 1,2-aminoalcohols 2a-d in the presence of triethyloxonium tetrafluoroborate, alkyl iodides and Et 3 N during boiling in CHCl 3 or CH 3 CN with the formation of a mixture of two products: 3-N-alkyl-2-(1,2-diferrocenylvinyl)-4,5-dihydrooxazolinium iodides 3a-d and 2-(N-alkyl-2′,3′-diferrocenylacrylamido)ethylmorpholines 4a-d, whose yields depend on the molar excess of the reagents 2a-d, temperature, and duration of the reaction (Scheme 1, Table 1 ).
Individual diferrocenylvinyloxazolinium iodides 3a-d and 5-(N-alkyl-2′,3′-diferrocenylacryloylamido)-3-aza-3-alkylpentanols 4a-d were isolated using Al 2 O 3 column chromatography (activity grade III, elution with hexane : ether 2 : 1). The compounds obtained are represented by fine crystalline substances of red and orange color, respectively, storage-stable in the solid state. The structures of compounds 3a-d and 4a-d were determined on the basis of mass spectrometry, IR, The structures of compounds 3a-d and 4a-d were determined on the basis of mass spectrometry, IR, 1 H and 13 C NMR spectroscopy and elemental analysis (for 4a-d). The 1 H NMR spectra of oxazolinium salts 3a-d contain signals from the protons of two ferrocene substituents, singlets from one olefin proton, doublets from the protons of methyl groups (3c,d), and also the respective numbers of signals from the CH 3 -, CH 3 -CH 2 -, CH 2 -and CH-fragments of the oxazolinium rings. The information in the 13 C NMR spectra of compounds 3a-d also confirms the structures of the resultant compounds (see the Experimental section). According to 1 H and 13 C NMR spectroscopic data, salts 3a-d are exclusively formed in the form of one geometric isomer with, presumably, cis-oriented ferrocene substituents at the double bond in the 1,2-diferrocenylvinyl fragment.
The 1 H NMR spectra of compounds 4a-d contain the necessary numbers of signals from the protons of two ferrocene groups, methyl or ethyl substituents and also the necessary numbers of signals from the protons of methylene and metine fragments, as well as one singlet from olefin protons. The structures of compounds 4a-d were also derived on the basis of IR spectra, which contain absorption bands characteristic for C=O and OH groups. The 13 C NMR spectra of compounds 4a-d also fully confirm their structures (see the Experimental section).
X-Ray diffraction analysis of single crystals of compound 4a obtained by crystallization from CH 2 Cl 2 confirmed that the structure of 4a is 2-(N-methyl-2′,3′-diferrocenylacrylamido)-3-methyl-3-azapentanol 4a. The general view of the molecule 4a and its principal characteristics are given in Fig. 1a . The character of the packing of molecules in the crystals is shown in Fig. 1b ; these require no special comments.
The supposed mechanism of the formation of 2-(1,2-diferrocenylvinyl)-4,5-dihydrooxazolinium cations 3a-d is shown in Scheme 2. The 1,2-aminoalcohol attacks the C(1) carbon atom of the cyclopropenylium cations twice with the formation of intermediate spirane oxazolidines 5a-d, which subsequently undergo an intramolecular transformation (with the opening of the three-carbon ring) into intermediate vinylcarbenes 6a-d and allylic carbocations 7a-d, and then into salts 3a-d.
We found also that 2,3-diferrocenylcyclopropenone 1 (1 mmol) reacted similarly with 1,2-aminoalcohols 2a,b,e,f (1 mmol) upon boiling in benzene or acetonitrile in the presence of triethyloxonium tetrafluoroborate (1.2 mmol), alkyl iodides, Et 3 N and morpholine 8a (1 mmol) to form a mixture of two products: 3a,b,e,f (~ 7-12 %) and (E)-N-alkyl-N-(2-morpholinoethyl)-2,3 diferrocenylacrylamides 9a,b,e,f (~ 70-75 %) (Scheme 3). The reaction products 3a,b,e,f and 9a,b,e,f were separated using Al 2 O 3 (activity grade III) column chromatography. Their structures were confirmed using mass spectrometry, elemental analysis, IR, 1 H and 13 C NMR spectroscopy.
The 1 H NMR spectra of compounds 9a,b,e,f contained signals of singlets from the protons of the methyl groups of the N-Me fragment (δ = 3.20, 2.96 and 2.87 ppm) for compounds 9a, 9e and 9f, respectively, singlets from the protons of the olefin CH= fragment (δ = 6.26, 6.42, 7.37 and 7.43 ppm), signals from the protons of the corresponding numbers of the ferrocenyl, N-ethyl and phenyl substituents, and also from the CH 2 -and 
CH-groups of the -CH 2 -CH 2 -and -CH 2 -CH-fragments. The data of the 13 C NMR spectra of compounds 9a,b,e,f confirmed their structure (see the Experimental section).
The 1,4-bis-N,O-nucleophiles 2a-f on the carbon atoms C(5) of the heterocyclic systems of the oxazoliniun salts. The opening of the five-membered ring in N-alkyloxazolinium cations as a result of the nucleophilic attack on the carbon atom C(5) of the heterocyclic system has been described for the first time. Such an opening, in contrast to the opening with the nucleophilic attack on the carbon atom C(2), which was described in the literature [42] [43] [44] [45] , is apparently due to the influence of the 1,2-diferrocenylvinyl substituent at C(2) in oxazolinium cations. In our opinion, this feature must be of general nature, pertaining to all compounds of a similar structure; thus, they can be used in organic synthesis of macro-molecules as six-atom building blocks.
Experimental section General
All the solvents were dried according to the standard procedures and were freshly distilled before use [46] . Column chromatography was carried out on alumina (Brockmann activity III). The 1 H and
13
C NMR spectra were recorded on a Unity Inova Varian spectrometer (300 and 75 MHz) for solutions in CDCl 3 (3a-f, 4a-d, 10a,c, 9e,f), in C 6 D 6 (9b), in C 6 D 6 and CDCl 3 (9a), with Me 4 Si as the internal standard. The IR spectra were measured on a Spectrophotometer FT-IR (Spectrum RXI Perkin Elmer instruments) using KBr pellets. The mass spectra were obtained on a Varian MAT CH-6 instrument (EI MS, 70 eV). Elementar Analysensysteme LECO CHNS-900 was used for elemental analyses. The unit cell parameters and the X-ray diffraction intensities of 4a, 9b, 9e and 9f were recorded on a Gemini (detector Atlas CCD, Cryojet N 2 ) diffractometer. The structures of compounds 4a, 9b, 9e and 9f were solved by the direct method (SHELXS-97) [47] [48] [49] and refined using full-matrix least-squares on F 2 . (Table 1) .
Multicomponent

2-(Z-2,3-diferrocenylvinyl)-3-methyl-4,5-dihydrooxazol-3-ium iodide (3a)
Red powder, yield 0. 
2-(Z-1,2-diferrocenylvinyl)-3-ethyl-4,5-dihydrooxazol-3-ium iodide (3b)
Red powder, yield 0. + . + . + .
2-(Z-1,2-diferrocenylvinyl)-3,5-dimethyl-4,5-dihydrooxazol-3-ium iodide (3d)
3,6-Diaza-(E-2,3-diferrocenyl)acryloyl-3-ethyloctanol (4b)
4,7-Diaza-(E-2,3-diferrocenyl)acryloyl-4,5-dimethyloctan-2-ol (4d)
Orange powder, yield 0.64 g (44 %), m. + .
Multicomponent reactions of 2,3-diferrocenylcyclopropenone 1 with 1,2-aminoalcohols 2a-c,e,f in the presence of triethyloxonium tetrafluoroborate, morpholine or piperidine, and alkyl iodides
To the solution of 2,3-diferrocenilcyclopropenone 1 (2.5 mmol) in CHCl 3 , or CH 3 CN (50 mL) were added with stirring triethyloxonium tetrafluoroborate (3.0 mL, 1.0 M solution in dichloromethane), 1,2-aminoalcohols 2a-c,e,f, (2.5 mmol), morpholine or piperidine (2.0 mL), and methyl or ethyl iodides (1.0 mL). After stirring for 3-12 h at 70-80 °C, the volatiles were removed in vacuo; chromatography of the residue on Al 2 O 3 (hexaneether, 3 : 1), yielded compounds 3a-c (7-12 %), 3e,f (10-11 %), 9a,b,e,f and 10a,c (Table 1) .
2-(Z-1,2-diferrocenylvinyl)-3-methyl-4-phenyl-4,5-dihydrooxazol-3-ium iodide (3e)
Red powder, yield 0.17 g (10 %), m. N-methyl-N-(2-morpholino-1-phenylethyl) 
Determination of the crystal structure
Suitable X-ray quality crystals of 4a, 9b, 9e and 9f, were grown by slow evaporation of a saturated dichloromethane solution at room temperature for three days. Data were obtained on an Oxford Difraction Gemini A diffractometer with a CCD area detector, and the CrystAlisPro and CrysAlis RED software packages were used for data collection and data integration [47] . The structures were solved using SHELXS-97 [48] and refined by full-matrix least-squares on F 2 with SHELXL-97 [49] . Weighted R factors, R w , and all goodness-of-fit indicators, S, were based F 2 . The observed criterion of (F 2 > 2σF 2 ) was used only for calculating the R factors. All non-hydrogen atoms were refined with anisotropic thermal parameters in the final cycles on refinement. Hydrogen atoms were placed in idealized positions, with C-H distances of 0.93 and 0.98 Å for aromatic and satured carbon atoms, respectively. The isotropic thermal parameters of the hydrogen atoms were assigned the values of U iso = 1.2 times the thermal parameters of the parent non-hydrogen atom. The unit cell parameters and the X-ray diffraction intensities were recorded on a Gemini (detector AtlasCCD, Cryojet N 2 ) diffractometer.
